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SUmmARy – The aim of this study was to determine the prevalence and analyze the determi-
nants of overweight and obesity among Croatian schoolchildren aged 7-9 years in relation to sociode-
mographic factors. This study used data that were gathered as part of the whO europe Childhood 
Obesity Surveillance initiative in 2015/2016. The sample for the study was nationally representative. 
Anthropometric measurements of 5591 children, 2811 boys and 2780 girls, were collected during 8 
weeks using standardized equipment. Studied variables included child’s anthropometric measure-
ments and demographics, maternal education and employment status. The results showed a 35.9% 
prevalence of overweight and obesity in Croatian 7-9-year-old children. Overweight and obesity were 
more frequent in boys in comparison to girls, especially among boys from the Adriatic region (42.1%). 
The risk of overweight and obesity was increased in boys living in the Adriatic region (ORadj=1.33; 
95% Ci 1.03-1.71) and in girls with high-school educated mothers (ORadj=1.36; 95% Ci 1.11-1.66). 
girls with unemployed mothers had a lower risk of overweight and obesity (ORadj=0.73; 95% Ci 
0.58-0.92). The observed prevalence of childhood overweight and obesity warrants national and local 
time-bound targets for reduction of childhood obesity, accompanied by detailed action plans and 
monitoring mechanisms.
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Introduction
Childhood overweight and obesity represents a se-
rious challenge as a global public health problem. 
Children with overweight or obesity are more proba-
ble to stay obese later in life, and they are at a greater 
risk of developing noncommunicable diseases1. Ac-
cording to the world health Organization (whO), 
in 2016, globally there were over 340 million over-
weight or obese children aged 5-192. data from the 
world health Organization Regional Office for eu-
rope (whO/europe), Childhood Obesity Surveil-
lance initiative (COSi) showed that the prevalence of 
overweight or obesity in children aged 6-9 years in 
2015-2017 in europe varied from 18% in denmark to 
43% in Cyprus for boys and from 16% in Albania to 
43% in Cyprus for girls3.
Childhood obesity is greatly influenced by sociode-
mographic factors. in europe, a north-south gradient 
is observed with a higher prevalence of childhood 
overweight and obesity in southern europe4,5. Studies 
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on formal parental education and urbanization seem 
to have converse findings, which appears to be linked 
to the level of country development6,7. Specifically, ma-
ternal education was negatively associated with child-
hood obesity in several studies showing that over-
weight and obesity risk was greater among children 
whose mothers had lower education8.
in order to better understand the magnitude of this 
problem, it is crucial to have a well-developed system 
for childhood obesity surveillance, tracking and pre-
vention9. in 2006, whO/europe and 13 member 
States introduced the COSi survey, targeting children 
aged 6-9 years10. Croatia joined this surveillance initia-
tive in the fourth round in 2015/2016.
The aim of this study was to identify the prevalence 
of overweight and obesity among Croatian schoolchil-
dren aged 7.0-9.9 years in relation to sociodemo-
graphic factors such as age, sex, geographical region of 
living, level of urbanization, maternal formal education 
level and employment status.
Methods
Material
in order to organize standard measurements of 
body weight and height in schoolchildren in europe, 
whO/europe has established a coordinated surveil-
lance system, COSi. The goal of COSi is to collect 
europe-wide comparable data regarding anthropo-
metric measurement of children including body 
height, weight and waist and hip circumference in or-
der to record and monitor nutritional status in chil-
dren aged 6.0-9.9 years. This research was planned as 
semi-longitudinal with repetitions at certain periods 
in time10. The research was implemented in accordance 
with the COSi Protocol11.
Methods
Sampling was conducted at the national level. A 
cluster sample design with elementary school classes 
as sampling units was used. The sampling frame con-
sisted of 32626 students from 1707 second-grade 
classes of 878 elementary schools. A simple random 
sample of second-grade classes was taken using the 
StAtiStiCA program. As a result, 182 second-grade 
classes were included in this research. Third-grade 
classes were chosen to match second-grade classes 
from the same schools. Out of 7150 students from 164 
chosen schools, a total of 5662 children aged 6 to 11 
years took part in the measurement, with a response 
rate 79.2%. Children who were not measured did not 
have parental consent, were absent from school or ac-
tively declined to undergo measurement. This paper 
uses data only on children aged 7.0 to 9.9 years 
(n=5591).
data were collected during fieldwork, which lasted 
from October to december 2015. Children were mea-
sured by two-member teams trained in taking stan-
dardized measurements according to the protocol11. in 
total, 26 examiners worked on data collection. Chil-
dren’s body weight and height were measured using 22 
sets of weight scales (SeCA 877, SeCA, hamburg, 
germany) and stadiometers (SeCA 217, SeCA, 
hamburg, germany). Scales were calibrated by the 
manufacturer. weight was measured in kilograms and 
recorded to the nearest 0.1 kg. height was measured in 
centimeters and the reading taken to the last complet-
ed 0.1 cm. for accuracy, the height was measured twice 
and the mean value of two measurements was used for 
analysis. Additional data on sociodemographic charac-
teristics of the children were obtained from a family 
form the parents were asked to fill in. The original da-
ta-collection forms, created by the whO, were used 
and translated into Croatian.
Ethics
The research was conducted in accordance with the 
ethical principles of autonomy, beneficence and non-
maleficence, and in accordance with the whO COSi 
Protocol11. The ethics Committee of the Croatian in-
stitute of Public health approved this research in July 
2015 (no: 602-01/15-01/0242). A consent form had 
to be signed by the child’s parents or custodians in or-
der to obtain the child’s anthropometric measures. 
however, right before the measurement, the child was 
asked once again for the active consent to participate 
in the study.
Variables
data on children’s demographics included child’s 
sex, age, geographical region and level of urbanization. 
Children’s age ranged from 7.0 to 9.9 (mean 8.62) 
years. geographical regions were selected according to 
the nUtS 2 criteria12. Additionally, based on a study 
previously conducted in Croatia13, the City of Zagreb 
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was observed as a separate region because as a capital 
it is also a melting pot in Croatia and is expected to 
incorporate features of both the continental and Adri-
atic regions. level of urbanization of the child’s place 
of living was determined in accordance with the Croa-
tian bureau of Statistics14, and was described as urban, 
semi-urban and rural.
body mass index (bmi) was calculated as weight in 
kilograms divided by height in square meters. in this 
study, overweight and obesity were defined by and pre-
sented using the set of cut-off points published by the 
whO15. Socioeconomic status of the family was ana-
lyzed via two variables from the family form, i.e. com-
pleted level of maternal formal education and maternal 
employment status. The family form was filled in by the 
mother of the child in most cases (83.3%). Only those 
cases in which the mother was the one giving informa-
tion on herself were included in the analysis.
Statistical analysis
All statistical analyses were performed using the 
SPSS Statistics 21.0 statistical package (ibm Corpo-
ration, Chicago, il, USA). The level of significance 
was set at p<0.05. weights to adjust for the sampling 
design, oversampling and non-response were calculat-
ed and used to infer the results from the sample to the 
population.
first, prevalence rates and descriptive statistics for 
investigated variables were calculated. differences in 
the prevalence of overweight and obesity between the 
groups based on sex and geographical region were test-
ed with Pearson χ2.
Adjusted odds ratios (ORs) of being overweight or 
obese were estimated by carrying out a binary logistic 
regression analysis: a logistic model including the 
above-mentioned variables as covariates was estimated 
for boys and girls separately and for all children to-
gether.
Results
The study sample consisted of 5591 children aged 
7.0 to 9.9 years, 2811 boys and 2780 girls (table 1). 
data on children’s nutritional status according to the 
whO criteria are presented in table 2. These data 
show that there was 1% of thin children. more than 
one-third of children (35.9%) were overweight or 
obese. There was a significant difference in nutritional 
status between boys and girls (χ2=74.236, p<0.001). 
Obesity, including severe obesity, was more prevalent 
among boys in comparison to girls (18.4% vs. 10.8%); 
the more so, 5.3% of boys could be classified as se-
verely obese.
when looking at different geographical regions 
(table 3), there was a statistically significant difference 
Table 1. Selected characteristics
Variable
Age (years; mean±Sd) 8.62±0.6
height (cm; mean±Sd) 135.5±6.8
weight (kg; mean±Sd) 32.6±7.7








Geographical region of living*: n (%)
Continental 2773 (49.6)
Adriatic 1784 (31.9)
City of Zagreb 1034 (18.5)





Maternal educational level: n (%)
elementary school 328 (5.9)
high school 2790 (49.9)
College degree or higher 1505 (26.9)
missing 968 (17.3)




Sd = standard deviation; all results were obtained through weight-
ed analysis; *geographical regions based on nUtS 2 classification, 
classified as continental and Adriatic region. The City of Zagreb 
was excluded from the continental region and considered as a sepa-
rate region because of cultural and traditional differences; †the cat-
egory ‘unemployed’ includes persons that were unemployed, home-
makers, students, retirees and unemployed people unable to work.
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in the prevalence of overweight and obesity (χ2=7.313, 
p=0.026). The highest prevalence of overweight and 
obesity was found in the Adriatic region (37%), fol-
lowed by the continental region (36.7%), and the low-
est prevalence was observed in the City of Zagreb 
(32.3%). in the Adriatic region, boys had a significant-
ly higher prevalence of overweight and obesity than 
girls (42.1% vs. 32.1%). The same could be observed in 
the continental region, where 40% of boys and 33.4% 
of girls were overweight or obese. in the City of Za-
greb, there was no statistically significant difference in 
the prevalence of overweight and obesity between boys 
and girls.
The predictive value of geographical region, level of 
urbanization, maternal education level and maternal 
employment status was tested using binomial logistic 
regression and the results are shown in table 4. when 
adjusted for other investigated variables, geographical 
region, maternal education level and maternal employ-
ment status were significant predictors of childhood 
overweight and obesity. Children living outside the 
City of Zagreb had a greater chance of overweight and 
obesity (OR=1.21; 95% Ci 1.00-1.45) than children 
living in Zagreb. Children of high school educated 
mothers had a greater chance for overweight and obe-
sity (OR=1.24; 95% Ci 1.08-1.42) than those of moth-
ers with higher education level. in addition, children of 
unemployed mothers had a 20% lower chance for over-
weight and obesity (OR=0.80; 95% Ci 0.69-0.93) than 
those with employed mothers. when stratified by sex, 
living in the Adriatic region was the only statistically 
significant predictor for overweight and obesity in boys 
after adjusting for confounders. boys from the Adriatic 
region had a greater chance for being overweight and 
obese (OR=1.33; 95% Ci 1.03-1.71) than boys from 
Zagreb. Statistically significant predictors of over-
weight and obesity for girls, after adjusting for con-
founders, were maternal education level and maternal 
employment status. girls with high school educated 
mothers had higher odds for being overweight or obese 
(OR=1.36; 95% Ci 1.11-1.66) than girls with college 
or higher educated mothers. in addition, girls with un-
employed mothers had lower odds for being overweight 
or obese (OR=0.73; 95% Ci 0.58-0.92) than girls with 
employed mothers. After adjustment, urbanization it-
self was not a statistically significant predictor of over-
weight and obesity in children.
Discussion
Our study, aiming to determine the prevalence of 
overweight and obesity in 7-9-year-old children 
showed an overall high prevalence of overweight and 
obesity in Croatian children, positioning Croatia 
among the mediterranean countries like malta, Cy-
Table 2. Nutritional status of children according to WHO criteria
whO criteria Thinness Recommended weight Overweight Obesity Severe obesity% % % % %
boys 0.6 60.0 21.1 13.1 5.3
girls 1.3 66.4 21.5 9.2 1.6
total 1.0 63.1 21.3 11.1 3.5
Prevalence estimates were based on 2007 whO recommended criteria15.
Table 3. Prevalence of overweight and obesity  
in 3 geographical regions of Croatia















*Continuity correction for 2x2 table.
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prus and greece that have the highest prevalence of 
childhood overweight and obesity in europe3. The 
prevalence of childhood overweight and obesity in 
europe varies greatly, but one of the most important 
recent findings is the very high prevalence in south 
european countries positioned in the mediterranean 
region3,4,16,17. while at first, this finding seems unex-
pected because the traditional mediterranean diet has 
long been lauded as one of the healthiest and most 
balanced ones, there are some explanations for this 
Table 4. Association of geographical region, level of urbanization and maternal socioeconomic status with overweight 
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Ci = confidence interval; OR = odds ratio; ORadj = adjusted odds ratio; *prevalence estimates were based on 2007 whO recommended criteria15; †overweight and obese children were compared to all other children; ‡geographical regions based on nUtS 2 classification, clas-
sified as continental and Adriatic region. The City of Zagreb was excluded from the continental region and considered as a separate region 
because of cultural and traditional differences; §adjusted for age, (sex), level of urbanization, maternal education and maternal employment; 
iiadjusted for age, (sex), geographical region, maternal education and maternal employment; ¶adjusted for age, (sex), geographical region, 
level of urbanization and maternal employment; **adjusted for age, (sex), geographical region, level of urbanization and maternal education; 
††the category ‘unemployed’ includes persons that are unemployed, homemakers, students, retirees and unemployed people unable to work.
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phenomenon. Some authors explain that a big dietary 
change from the mediterranean to the western type 
of diet has occurred in this area18, and it has been ob-
served that children living in the mediterranean are 
less physically active in comparison to children in oth-
er european regions19. The results of this study have 
confirmed that Croatia, like other mediterranean 
countries, has a great public health challenge ahead 
and that coordinated regional action is required.
The results of this study showed that there were 
differences in the prevalence of overweight and obesity 
according to gender and geographical region. Accord-
ing to our findings, the problem of overweight and 
obesity was more frequent in boys in comparison to 
girls (39.5% and 32.3%, respectively). especially con-
cerning is the prevalence of severe obesity in boys, as 
the highest ends of obesity impose the highest risk for 
both immediate and long-term health20-22. The finding 
that Croatian boys had higher prevalence rates of 
overweight and obesity than girls, according to the 
whO criteria, is in line with previous research con-
ducted in european and non-european coun-
tries16,17,23,24 and once again confirms that special atten-
tion should be paid to health promotion activities for 
boys.
when observing Croatia as a country composed of 
three distinct geographical regions, continental, Adri-
atic and the City of Zagreb, we found that the highest 
prevalence of overweight and obesity was in the Adri-
atic region and lowest in the City of Zagreb. in both 
the Adriatic and continental regions, boys were sig-
nificantly more frequently overweight or obese than 
girls. especially of note is the staggering result of over-
weight and obesity among boys in the Adriatic region, 
followed by boys in the continental region and the 
City of Zagreb. even when placed in the context of the 
recently reported high prevalence rates in other medi-
terranean countries, this is still an alarmingly high 
number, only surpassed by the prevalence in boys in 
Cyprus3. This finding might be explained by the fact 
that the Adriatic region is culturally very similar to 
other mediterranean countries, especially in regards to 
dietary habits, implying that boys living in the coastal 
areas are becoming less likely to consume the mediter-
ranean diet25-27. what this finding also shows is that 
the north-south gradient of childhood obesity ob-
served in europe, where the south has a higher preva-
lence than the north28, can also be observed at the 
level of a single country with diverse regions, such as 
Croatia.
moreover, we explored the possible predictors of 
childhood overweight and obesity and identified geo-
graphical region, maternal education level and mater-
nal employment status as statistically significant pre-
dictors. Children living outside the City of Zagreb, 
both in the continental and Adriatic regions, had 
higher odds for being overweight or obese than those 
living in Zagreb. This could be explained by the social 
gradient of childhood obesity, by which the occurrence 
of obesity is negatively associated with higher socio-
economic position29-31. it is therefore expected for the 
City of Zagreb, as the Croatian capital and the most 
inhabited city with the highest level of employment 
and highest proportion of residents with the highest 
levels of education32,33 to have the smallest proportion 
of overweight and obese children. when we stratified 
them by sex, we observed that, specifically, boys living 
in the Adriatic region had higher odds for overweight 
and obesity than boys living in Zagreb, which once 
again confirms the previously discussed findings about 
the mediterranean being a risk factor for childhood 
overweight and obesity, especially in boys.
Parental education seems to be of particular impor-
tance regarding childhood overweight and obesity34. 
Specifically, studies suggest that overweight and obe-
sity is more common in children of less educated 
mothers8,35. Our study found that being a child of a 
mother with high school education bore significantly 
higher odds for overweight and obesity in comparison 
to being a child of a mother with a college degree or 
higher, yet being a child of an elementary school edu-
cated mother did not. This could be explained with the 
argument that high school educated mothers are usu-
ally in a position to be full-time employed, but have 
less paid jobs in comparison to mothers with higher 
educational degrees and therefore neither have the 
funds nor time to prepare nutritious meals, afford high 
quality childcare or ensure participation in free-time 
sports clubs for their children36,37. This is supported by 
the finding that children of employed mothers had a 
higher risk of overweight and obesity than children of 
unemployed mothers. interestingly, when stratified by 
sex, these predictors remained significant only for girls. 
The traditional role of women in Croatian society im-
plies that female household members take care of fam-
ily nutrition. in line with this, it could be argued that 
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female children are expected to be more independent 
in relation to food intake, and could therefore receive 
less support from their time- and resource-constrained 
mothers than male children38.
finally, the level of urbanization of the child’s resi-
dence was not found to be a significant predictor of 
overweight and obesity in this study. There are studies 
that confirm this finding, which also did not find any 
difference in obesity between urban and rural children, 
but these are not very frequent39,40. Other studies from 
europe and north America show that living in rural 
areas brings higher odds for being obese in compari-
son to living in urban areas41,42. however, this finding 
needs to be more thoroughly examined in the future, 
as our study had a rather small share of rural children 
due to the fact that it included only children from 
schools that are mostly located in urban or semi-urban 
areas, and not children from peripheral schools.
This study had several limitations. first, the sample 
was nationally, but not regionally representative. how-
ever, the large size of the sample gives us authority to 
make inferences based on acquired results. in addition, 
weights were calculated to post-stratify the sample by 
the 3 geographical regions. Second, in order to get a 
clearer picture of the origins of childhood obesity, it 
would be beneficial to have information on the paren-
tal weight status. Previous studies suggest that a child’s 
weight status is positively associated with the weight 
status of parents43. Third, the response rate was 79.2%, 
suggesting there might be a non-response bias at play. 
yet, it is important to state that the response rate was 
similar to those from other european countries par-
ticipating in this study and is, unfortunately, expected 
in a national study using anthropometric measure-
ments28. fourth, we used bmi to assess the nutritional 
status of children, which is not the most accurate 
method of assessing body structure (muscle, bones, 
fat). Some of the differences in overweight and obesity 
prevalence observed in this study may therefore be the 
result of differing body structures.
in conclusion, the results of this study, using COSi 
methodology for the first time in Croatia, show that 
Croatia has one of the highest prevalence of childhood 
overweight and obesity among european countries 
and that this problem is more frequent among boys. 
especially concerning is the high rate of overweight 
and obesity in boys living in the Adriatic region and 
the increased risk in girls with high-school educated 
and employed mothers. This information warrants ur-
gent implementation of specifically directed health 
promotion measures. in addition, the results of this 
study show that it is essential to implement continu-
ous, standardized surveillance of childhood obesity, 
such as the COSi study. Considering the very high 
prevalence established in this study, it is of utmost im-
portance to set national and local time-bound targets 
for reduction in childhood overweight and obesity, as 
well as monitoring mechanisms. The national targets 
would have to be accompanied by a detailed action 
plan, which will require coordinated efforts from mul-
tiple governmental sectors and institutions contribut-
ing to policy development, implementation and work-
force capacity strengthening.
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Sažetak
RegiOnAlne i SOCiOdemOgRAfSKe OdRedniCe UČeStAlOSti  
PReKOmJeRne tJeleSne mASe i deblJine U dJeCe U dObi Od 7-9 gOdinA  
U hRvAtSKOJ
S. Musić Milanović, M. Lang Morović, D. Bukal, H. Križan, M. Buoncristiano i J. Breda
Cilj ovoga istraživanja bio je utvrditi učestalost i analizirati odrednice prekomjerne tjelesne mase i debljine kod školske 
djece u dobi od 7-9 godina u hrvatskoj u odnosu na sociodemografske čimbenike. U istraživanju su korišteni podaci pri-
kupljeni u sklopu istraživanja SZO europa ”europska inicijativa praćenja debljine u djece, hrvatska 2015./2016.”. Uzorak u 
ovom istraživanju bio je nacionalno reprezentativan. Antropometrijska mjerenja 5591 djeteta, 2811 dječaka i 2780 djevojčica, 
provedena su standardiziranom opremom kroz 8 tjedana. Proučavane varijable bili su antropometrijski i demografski podaci 
djece, obrazovanje i zaposlenost majki. Prema rezultatima, učestalost prekomjerne tjelesne mase i debljine u hrvatske djece u 
dobi od 7-9 godina iznosi 35,9%. Učestalost prekomjerne tjelesne mase i debljine veća je kod dječaka nego kod djevojčica, a 
izrazito je velika kod dječaka iz jadranske regije (42,1%). Rizik za prekomjernu tjelesnu masu i debljinu veći je za dječake koji 
žive u jadranskoj regiji (ORadj=1,33; 95% Ci 1,03-1,71) i djevojčice čije majke imaju srednjoškolsko obrazovanje 
(ORadj=1,36; 95% Ci 1,11-1,66). djevojčice čije su majke nezaposlene imaju manji rizik od prekomjerne tjelesne mase i 
debljine (ORadj=0,73; 95% Ci 0,58-0,92). Uočena učestalost prekomjerne tjelesne mase i debljine zahtijeva vremenski ogra-
ničene, nacionalne i lokalne, ciljeve za smanjenje debljine kod djece, praćene detaljnim akcijskim planovima i mehanizmima 
praćenja.
Ključne riječi: Učestalost; Prekomjerna tjelesna masa; Debljina; Djeca; Hrvatska
